Chart quadrat maps offer a unique source of data on long-term trends in grasslands. Through the use of film scanning computer systems, this information can be more easily processed and used in plant demographic studies.
There is a large and varied assemblage of data that has been collected over the years on the semiarid grasslands-information that can be valuable in studying today's important natural resource management problems. To a large extent, however, much of this information has not been sufficiently utilized because of the time involved in the effort.
One such source of data of this type is that available from chart quadrat mappings.
Background
A chart quadrat usually consists of a 1 m2 field plot in which the basal cover of the vegetation is mapped by species over time, usually at yearly intervals. The quadrats are normally read utilizing a pantograph;
and, since the plots are permanently marked, they can be relocated accurately and reread year after year. The data obtained are in essence maps of what has happened to the vegetation on a given piece of ground over time. These maps are usually drawn on a standard 8 x 8 inch form.
Because of the long time span often covered by the readings and the abundance of the records, such maps represent a valuable source of data which can be used to examine, for example, long-term plant demographic processes in response to climatic changes over time.
l Received October 23, 1971. This paper presents a method which enables one to more easily quantify and use the information on chart quadrat maps and some examples of how these data can be used in plant demographic work.
Methods
The quadrat maps used were collected on the Journada Experimental Range, a semidesert grassland located near Las Cruces, New Mexico. The records were obtained and collated through the help and courtesy of Dr. Carlton Herbel. There are about 90 quadrats on the Jornada Experimental Range that can be classified as longterm (greater than 30 years) and a slightly greater number that were established for short-term studies (5 to 30 years). All have been coded in the method described herein.
Forty of the long-term quadrats have been used in the work on plant demography discussed here. Reviews of these data are included in Herbel, Dittberner, and Bickle (1970) , Nelson (1934) , and Paulsen and Ares (1962) .
The first step in processing the data was to retrace all of the original field forms emphasizing in solid color the basal areas of the individual plants.
All other pertinent information on the original forms, e.g., presence of stolons and partially or totally dead areas, was recorded and punched onto a card deck. This helped to elimi-476 nate much of the "noise" and artifacts which appeared on the original data and gave a clear contrasting figure. The tracings were then photographed serially on highcontrast 35 mm film for use as an input to a scanning device in step two. Siegel (1967) and Harmon and Knowlton (1969) have discussed the use of film images in this form as input to one of several types of cathode-ray-tube scanning devices. The instrument in use in this study is a flying-spot scanner and is located at Argonne National Laboratory. A complete review of this system is available in Butler et al. (1964 Butler et al. ( , 1966 Butler et al. ( , 1967 Butler et al. ( , 1968 .
Briefly, there are two main components of the scanning system: a digital computer and a cathode-raytube optical scanner. The system operates by horizontally scanning each frame of film from bottom to top in a specified grid pattern through a point of light projected onto the film by the cathode-raytube and picked up by a photomultiplier. When this photomultiplier detects a change in the intensity of the transmitted light from one point on the frame to the next, the x,y grid coordinates of this point are recorded on magnetic tape. This intensity change process occurs when either edge of a charted plant is encountered. The effect is that only the coordinates of the perimeters of each plant are recorded on tape. The time required to scan each frame of film varies directly with the amount of information the number of plants contained, but in general takes about 4 seconds.
The magnetic tape is then transferred to a Control Data Corp. computer (CDC-3600) where a program reconstructs the shape and position of each plant and calculates several measures described below that are descriptive of the shape and area of each plant.
The computer output is in the form of: (i) magnetic tape containing complete information on each plant per year per quadrat, (ii) print listing all plants plotted per year with similar information, and (iii) microfilm picturing the chart quadrat map as perceived by the scanner.
In the third and final step, the tape output is converted to punched cards for easier manipulation. Each card represents all the information calculated for a given plant in a particular year and includes: the basal area occupied by the plant (converted to cm2), the location coordinates of the plant on the quadrat, and six statistical moments descriptive of the shape of the plant. The scanning system cannot descriminate between species in the usual sense. If each species had a characteristic basal area growth form that is unique, then this would be possible. Lastly, information on the presence or absence of stolons and dead or partially dead areas is added into the set.
Data from the Jornada range have already undergone extensive preliminary analyses (Wright and Van Dyne, 1970) . The vegetative cover on the Jornada Experimental Range is less than 5%, normally occurring as bunchgrasses and small areas of sod. This fact aids in ease of scanning discrimination. The system, however, should work well for areas of up to 60% discontinuous cover. In the computer program governing the scanner, there is a direct relation between the size of the smallest plant detectable and the smallest detectable distance between two separate plants. In practice, however, this has caused no problem.
Demographic Analyses
The area of study that might be defined as plant demography, the statistical study of plant populations, has been an often neglected part of plant ecology. This is principally because of the plasticity in size and reproductive capacity inherent in plants, the difficulty in isolating the individual in the population, vegetative reproduction, and factors in plant distribution (Harper, 1960 (Harper, , 1967 . Since individuals in the population are fixed in position and these positions are rarely at random, more commonly more or less clumped, the population size is difficult to determine.
The regular charting of individual plants in permanent quadrats has generally been the best way of looking at the population changes for particular systems (Williams, 1968) . However, as Williams points out, this technique is fraught with difficulty.
Crucial events may occur so infrequently as to be missed in the course of the experiment, and the need for the maintenance of long-term plots contributed to the near absence of studies on plant community population changes. The result is that the question of plant longevity is often answered with little more precision than an estimate of eternity to a few years.
Plant longevity was investigated on the Jornada quadrat data using a computer program which uses the coordinate position of each plant and searches the yearly records in a serial manner for a given quadrat.
Using this approach, reliable estimates of the life-spans or more accurately the spans of existence for the major perennial grasses on the Jornada have been obtained.
The mean life-spans for the eight most important species over all grazing and soil treatments are shown in Table  1 . Statistical analysis has shown that soil type and grazing intensity did not have a significant effect on the plant life-spans in this data (Wright, unpublished) . Robbins (1957) has discussed the difficulties with respect to the physiological aging in plants. It is probably not unreasonable to conclude that all plants have a physiological maximum life-span which is invariant across all ranges. The mean life-span of a species is probably not fixed, but differs from the physiological maximum in response to a multitude of environmental factors. The proximity of the two measures depends in part on the success of a given species in "learning" how to cope with environmental fluctuations in order to stretch its mean life-span toward the maximum.
For the variable environment of 
